Recently, major progress has been made in the simulation of the ocean dynamics of the Mediterranean 12 using atmospheric and oceanic models with high spatial resolution. High resolution is essential to 13 accurately capture the synoptic variability required to initiate intermediate and deep-water formation, 14 the engine of the MTC (Mediterranean Thermohaline Circulation). In paleoclimate studies, one major 15 problem with the simulation of regional climate changes is that boundary conditions are not available 16 from observations or data reconstruction to drive high-resolution regional models. One consistent way 17 to advance paleoclimate modelling is to use a comprehensive global to regional approach. However, this 18 approach needs long-term integration to reach equilibrium (hundreds of years), implying enormous 19 computational resources. To tackle this issue, a sequential architecture of a global-regional modelling 20 platform has been developed and is described in detail in this paper. First of all, the platform is validated 21 for the historical period. It is then used to investigate the climate and in particular, the oceanic 22 circulation, during the Early Holocene. This period was characterised by a large reorganisation of the 23 MTC that strongly affected oxygen supply to the intermediate and deep waters, which ultimately led to 24 an anoxic crisis (called sapropel). Beyond the case study shown here, this platform may be applied to a 25 large number of paleoclimate contexts from the Quaternary to the Pliocene, as long as regional tectonics 26 remain mostly unchanged. For example, the climate responses of the Mediterranean basin during the 27 last interglacial (LIG), the last glacial maximum (LGM) and the Late Pliocene, all present interesting 28 scientific challenges which may be addressed using this numerical platform.
Step 1: Global climate 146 Our goal is to simulate different climate conditions for the Mediterranean basin. The first step of any 147 relevant procedure should be to simulate the global climate conditions from which we drive the 148 simulation of the regional climate. These may be already available in simulations from previous PMIP 149 exercises for various periods (e.g. mid-Holocene, Last Glacial Maximum, Last Interglacial and mid-150 Pliocene) as well as for different sapropel events and interglacials (e.g. MIS11, MIS13 and MIS19).
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However, this is not always possible due to the large volume of high-frequency 3-D atmospheric 152 circulation variables involved. An alternative approach, used in some regional climate simulations We used an ensemble of modelling tools that includes two atmospheric models and a regional oceanic 185 model. Figure 1 summarises the configuration and shows the experimental flowchart. domain is considered to be the buffer-zone for LMDZ4-regional where a relaxation operation is 196 performed to nudge the model with variables from the AGCM. The resolution of LMDZ4-regional 197 decreases rapidly outside its effective domain. In both LMDZ4-global and LMDZ4-regional, land-198 surface processes, including the hydrological cycle, are taken into account through a full coupling with 199 the surface model, ORCHIDEE. (Madec, 2008 the ARCM (LMDZ4-regional). The next step is to run the two atmospheric models, LMDZ4-global and 221 LMDZ4-regional, in the usual way as proposed by the AMIP community. This is the most expensive 222 step, as atmospheric models are the most demanding in terms of computing resources. Fortunately, it is 223 not necessary to run them for a long time as the atmosphere reaches equilibrium quickly. We applied 224 30 years of simulation to both models. We consider this duration to be long enough to depict climate 225 variability for the simulation of past events. The AGCM nudges the ARCM in the conventional way of 226 one-way nesting for temperature, humidity, meridional and zonal wind every two hours. The nudging is 227 done using an exponential relaxation procedure with a timescale of half an hour outside the zoom and 228 10 days inside the zoom. Table S1 in the SOM summarises the forcings used, especially the orbital 229 forcing and atmospheric CO2.
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The necessary variables (surface air temperature, wind stress, P-E over the sea, heat fluxes) are provided 231 by ARCM to NEMOMED8. The salinity and temperature conditions are provided in three dimensions 232 in the buffer zone. River runoff depends on the configuration used. Table S2 in SOM details these 233 boundary conditions. 234
2.4
Bias correction
235
The sequential modelling chain, despite the lack of interactivity and feedback at interfaces, allows for 236 error removal and bias correction at each step of the methodology. This adjustment is sometimes crucial, 237 especially when model outputs need to be of very high quality to be incorporated into impact studies. that for the correction of the river runoff the reference is the pre-industrial state, and not the historical 523 simulation (as is the case for SST and SIC). Our aim was to keep river runoff anomalies free of 524 anthropogenic influence. In addition, the fact that the "pre-industrial" Nile river runoff (in other words 525 before damming) is well known influenced this choice. This study aimed to develop a modelling platform to simulate different climatic conditions of the 556 Mediterranean basin. We developed a useful regional climate investigation platform with high spatial 557 resolution over the Mediterranean region. This is particularly relevant for the study of impacts on the 558 circulation of the Mediterranean Sea. The model chain has been evaluated for the historical period. We 559 have presented Early Holocene simulations as an example of the potential of this platform to simulate 560 past climate. For the Early Holocene, our model reproduced satisfactorily the global and regional climate 561 features, compared to the observed data. Our platform allowed, for the first time, the generation of a 562 high-resolution freshwater budget for this period, with a particular focus on continental precipitation, a 563 key factor for the Mediterranean Sea in the assessment of its impact on circulation during the onset of 564 the sapropel event, S1. An important limitation of our sequential approach is the fact that it does not 565 take account of feedback of ocean changes on atmospheric circulation. However, this architecture allows 566 bias correction, conducted at different levels of the platform. One way to overcome this problem would 567 be to consider an "asynchronous mode", namely, to take account of feedback from the ocean component 
